Humulanes, drimanes, ent-kaurane, lupane, cycloartane, flavanone, flavones and quinol derivatives were isolated from Malagasy Cussonia vantsilana, Helichrysum gymnocephalum, Phyllarthron madagascariense, Gomphocarpus fructicosus, Cinnamosma sp. and C. fragrans, and their structures elucidated by using extensive NMR analysis. A mixture of a few flavones and/or lupane triterpene showed antimicrobial activity against Mycobacterium smegmatis and Pseudomonas aeruginosa.
A number of chemically unknown endemic higher plants, ferns and bryophytes, as well as folk medicinal plants, grow in Malagasy (Madagascar). Recently we reported the isolation and structural elucidation of terpenoids and aromatic compounds, not only from several Malagasy liverworts [1] [2] [3] [4] [5] [6] , but also the folk medicinal plants, Cinnamosma fragrans, C. macrocarpa and C. madagascariensis [7] [8] [9] [10] .
As part of the investigation of bioactive substances in Malagasy plants, Cussonia vantsilana (Araliaceae), Helichrysum gymnocephalum (Asteraceae), Phyllarthron madagascariense (Bignoniaceae), Gomphocarpus fructicosus (Asclepiadaceae), Cinnamosma fragrans and Cinnamosma sp. (Canellaceae), were chemically studied and a new drimane dimer 1 and nineteen compounds: sesqui-, di-and triterpenoids, quinol derivatives and flavonoids (Figures 1 and 4 ) were isolated and their structures characterized.
Reinvestigation of the Et 2 O extract of Cinnamosma fragrans resulted in the isolation of a new drimane sesquiterpenoid, norcinnafragranolide (1) , by chromatography on silica gel, Sephadex LH-20, MPLC and prep. HPLC, along with four known sesquiterpenoids, 6,7-epoxy-2,9-humuladiene (2) [11] , 9,10-epoxy-2,6-humuladiene (3) [12] , (+)-fuegin (4) [13] , albicanyl acetate (5) [14] , and an aromatic compound -tocotrienol (6) [15] , and the identification of volatile mono-and sesquiterpenes; -pinene, limonene, -terpinene, terpinolene, alloaromadendrene, -gurjunene, ledene, -caryophyllene, -caryophyllene, ylangene, -copaene, -cadinene, cadalene, -muurolene, -muurolene, epi-zonarene, -cubebene, -cubebene, -selinene-selinene, -selineneguaiene, -guaiene and -bulnesene by GC-MS analysis. Analysis of 1 H/ 1 H COSY, HMQC, HMBC and NOESY spectra and comparison of their spectral data and signs and values of optical rotation with those of reference and authentic samples determined the structures of 2 -6. Compound 1 was suggested to have a -lactone (1782 cm -1 ), an acetoxy (1744 cm -1 ) and an -unsaturated carbonyl (1676 cm -1 ) from its IR spectrum. The 1 H NMR spectrum (Table 1) showed signals for six tertiary methyl groups at  1.23, 1.14, 1.11, 1.01, 0.94 and 0.91 (each s), a methyl of an acetyl group at  2.12 (s), two hemiacetal protons at  5.70 and 6.00 (each s), an oxygen-bearing proton at  5.86 (dd), and two olefinic protons at  6.18 (s) and 6.88 (d). The 13 C NMR spectrum showed 31 carbons (Table 1) ; the DEPT spectrum exhibited two sets of trisubstituted olefinic carbons, two carbonyl carbons and a ketone carbon, together with seven tertiary methyl carbons, seven methylenes, two methines, and four quaternary carbons. These NMR spectra of 1 were similar to those of drimane sesquiterpenoids 4 and 5. Moreover the EI-MS analysis exhibited the molecular ion peak at m/z 526 [M] + , and its molecular formula was C 31 H 42 O 7 (calcd. for 526.2930) from the high resolution EI-MS (HR-EIMS). The above spectral evidence supported compound 1 as a drimane sesquiterpenoid dimer with one acetoxy, one ketone and one -lactone and two hemiacetal moieties. (C) -CH-CH(O)-CH=, and (D) -CH 2 -CH 2 -CH 2 -. HMBC correlations, as shown in Figure 2 , were observed between H-15 and C-1 in substructure (D), C-5 in substructure (C), a quaternary carbon at C-10, and an oxygen bearing quaternary carbon at C-9; H-7 in substructure (C) and an olefinic carbon at C-8, C-9, and a carbonyl carbon at C-12; H-11 and C-9, C-12; H-6' in substructure (B) and a ketone carbon at C-7', an olefinic carbon at C-8', and a quaternary carbon at C-10'; H-8' in a trisubstituted olefin and a sp 2 carbon at C-9', an acetal carbon at C-11'. Moreover, the correlations between an acetal proton at H-11 in unit A and an acetal carbon at The repetition of chromatography of the EtOAc extract of Cinnamosma species led to the isolation of five known sesquiterpenoids, -humulene (7) [16], cinnamolide (8), cinnamodial (9) [17] , (+)-fuegin (4) [13] , ugandensolide (10) [18] , and an aromatic compound -tocotrienol (6) [15] . These compounds are the peculiar chemical constituents of the genus Cinnamosma [7, 17] . The structures of all known compounds were confirmed by comparison of their NMR data with those in the literature and with authentic samples. In addition, GC-MS analysis showed the presence of mono-and sesquiterpene hydrocarbons: 13 C NMR, and NOESY spectra of 17 and 18 confirmed that their structures were salvigenin [26, 27] and 5,7-dihydroxy-6,4'dimethoxyflavone [27] , respectively.
Fractionation of the EtOAc-soluble fraction of the EtOH extract of Gomphocarpus fructicosus resulted in the isolation of quinol derivatives 19 and 20. The 1 H NMR, 1 H/ 1 H COSY, HMQC, HMBC and mass spectra of 19 led to the structure of a known jacaranone [28, 29] .
The IR spectrum of 20 ([M] + m/z 196) showed the presence of a hydroxy (3400 cm -1 ) and a carboxyl (1732, 1672 cm -1 ) group. The 1 H NMR spectrum indicated a primary methyl at  1.29 and two olefinic protons at  6.20 and 6.96 (each d, each 2H). The 13 C NMR spectrum ( Table 2) indicated two carboxyl carbons, four sp 2 carbons and a quaternary carbon bearing a hydroxy group, together with a methyl carbon and two methylene carbons. The analysis of 1 H/ 1 H COSY, HMQC and HMBC spectra showed that the structure of 20 was a known quinol derivative, jacaranone ethyl ester [28] . Since the 1 H and 13 C NMR data of 20 were slightly different from those of the reference data [30], its INADEQUATE spectrum was measured.
The quaternary carbon at  67.1 (C-1) was correlated with the olefinic carbon at  149.6 (C-2, 6), and this carbon was correlated with the other olefinic carbon at 127.6 (C-3, 5), and finally the carbon at  127.6 was correlated with the carbonyl carbon at  185.2 (C-4). Moreover, C-1 carbon was connected with the methylene carbon at  43.9 (C-7), and this was connected with the ester carbonyl carbon at  169.9 (C-8). The methyl carbon at  13.8 was also correlated with the methylene carbon at  61.1. Based on the above results, it was concluded that the structure of 20 was jacaranone ethyl ester [28] . The antimicrobial activity of some of the compounds was tested against five bacterial strains. Because no activity was observed for individual compounds (at 10 and 20 g/mL), we tried mixtures of two or three compounds. The mixture of compounds 13 and 14 (each 20 g/mL), 19 and 20 (each 20 g/mL), and 15, 17, and 18 (each 10 and 20 g/mL) exhibited activity against Mycobacterium smegmatis. The 20 g/mL mixture of compounds 15, 17, and 18 also showed activity against Pseudomonas aeruginosa. The compounds showed no activity against the other test bacteria.
The isolation of terpenoids and flavonoids from C. vantsilana and P. madagascariense has been reported [31, 32] . The essential oil of H. gymnocephalum has also been described [33] . In the present study only three flavones were isolated. To our knowledge, this is the first report on the isolation of two acetogenins, jacaranone (19) and jacaranone ethyl ester (20), from G. fructicosus. The chemical constituents, such as drimane, its dimers and trimers, were isolated from Cinnamosma fragrans by our group [7] . In this study a nordrimane-drimane-type sesquiterpene acetal 1 was newly isolated from the same Malagasy medicinal plant.
Experimental
General procedure: Optical rotations were measured on a Jasco P-1030 polarimeter (sol. CHCl 3 ), IR spectra on a Shimadzu FTIR 8400S infrared spectrophotometer, and 1 H-and 13 
GC-MS analysis:
The hydrocarbons were analyzed by GC/MS using an Agilent Technologies 6890N gas chromatograph coupled with a mass selective detector (Agilent Technologies 5973) on an HP-5MS capillary column. The analysis was performed in EI mode (70 eV) using helium at 1mL/min. The injection temperature was set at 280 o C. The analysis was carried out with a temperature program starting from 50 o C with an initial 3 min hold to 250 o C, with a 5 o C/min heating ramp, and keeping the final temperature stable for 15 min. The mass range was set at m/z 40-500 with 3 scans. Co-injection of the extracts with C 9 -C 25 hydrocarbons was performed under the same conditions. Mass Finder 2.3 program, NIST library, literature and our own MS data file were used to identity mono-and sesquiterpene hydrocarbons. 
Extraction and fractionation of Helichrysum gymnocephalum:
The diethyl ether extract (2.5 g) of the leaves of H. gymnocephalum (105 g) was divided into 9 fractions by CC on silica gel using nhexane-EtOAc (0-100%) gradient. Fr. 5 was chromatographed on Sephadex LH-20 to yield (2S)-pinocembrin (13, 24.4 mg). CC on Sephadex LH-20 and silica gel of Fr. 7 gave 5,7-dihydroxy-3,6,8trimethoxyflavone (14, 29.5 mg).
Extraction and fractionation of Phyllarthron madagascariense:
The diethyl ether extract of the leaves of P. madagascariense (66. 
